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Abstract 
 
Background: Women in mathematical domains may become attuned to situational 
cues that signal a discredited social identity, contributing to their lower achievement 
and underrepresentation. Aim: The current study examined whether heightened in-
group representation alleviates the effects of stereotype threat on women’s 
mathematical performance. It further investigated whether single-sex testing 
environments and stereotype threat influenced participants to believe that their ability 
was fixed (fixed mindset) rather than a trait that could be developed (growth mindset). 
Sample and Method: One hundred and forty-four female participants were assigned 
randomly to a self-as-target or group-as-target stereotype threat condition or to a 
control condition. They completed a modular arithmetic maths test and a mindset 
questionnaire either alone or in same-sex groups of 3-5 individuals. Results: 
Participants solved fewer mathematical problems under self-as-target and group-as-
target stereotype threat when they were tested alone but these performance deficits 
were eliminated when they were tested in single-sex groups. Participants reported a 
weaker growth mindset when they were tested under stereotype threat and in single-
sex groups. Moreover, evidence of inconsistent mediation indicated that single-sex 
testing environments negatively predicted mindset but positively predicted 
mathematical performance. Conclusions: These findings suggest that single-sex 
testing environments may represent a practical intervention to alleviate stereotype 
threat effects but may have a paradoxical effect on mindset.   
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Creating a Critical Mass Eliminates the Effects of Stereotype Threat on 
Women’s Mathematical Performance  
 Research on stereotype threat (Steele & Aronson, 1995) indicates that women 
underperform relative to men when they apprehend that their mathematical 
performance will be evaluated in line with gender-related expectations (c.f., Spencer, 
Steele, & Quinn, 1999; Steele, 1997). These effects appear to be robust (Nguyen & 
Ryan, 2008) and extend beyond the laboratory (Good, Aronson, & Harder, 2008; 
Keller, 2007; Hollis-Sawyer, & Sawyer, 2008). As such, researchers have turned their 
attention to examining the moderating factors that might heighten women’s 
susceptibility to stereotype threat. It has been proposed that seemingly benign and 
subtle factors, such as the gender composition of a classroom, may undermine 
women’s mathematical performance and further contribute to their 
underrepresentation in this domain (Bigler & Liben, 2006; 2007; Inzlicht & Ben-Zeev, 
2000; Sekaquaptewa & Thompson, 2003).  
In a direct test of this notion, Inzlicht and Ben-Zeev (2000) found that women 
underperformed on a mathematical test when men outnumbered them. However, these 
performance deficits were not observed when women completed the test in same-sex 
groups. Moreover, women’s mathematical performance was found to decrease in 
proportion to the number of men in the testing environment. Extending this, 
Sekaquaptewa and Thompson (2003) examined the dual influence of solo status and 
stereotype threat on women’s mathematical performance. Findings indicated that 
women underperformed to a greater extent when they completed the test in opposite 
sex (solo status) relative to same-sex groups. An interaction between solo status and 
stereotype threat revealed further that experiencing both of these factors 
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simultaneously was more detrimental to performance than experiencing one of these 
factors alone. These findings support a wealth of research which suggests that the 
numerical representation of minority group members may interact with their 
stereotyped status to determine whether an environment will promote or attenuate 
academic learning, engagement and performance (Inzlicht & Ben-Zeev, 2000; 2003; 
Murphy, Steele, & Gross, 2007; Sekaquaptewa & Thompson, 2003).  
Research has also examined the extent to which stereotype threat effects are 
mitigated when women work collaboratively to solve mathematical problems. For 
example, Aramovich (2014) found that women were buffered from the performance-
impinging effects of stereotype threat when they were tested in same-sex groups, 
relative to alone, because they were able work together to detect errors. Nevertheless, 
the practical implications of this study may be limited because in real-life testing 
environments women are typically required to undertake quantitative tests 
independently as a measure of their personal ability. Overcoming this issue, Huguet 
and Régner (2007; Experiment 2) revealed that stereotype threatened females 
underperformed when they worked alone or in mixed-sex classrooms on a task that 
ostensibly measured mathematical skills. However, these performance deficits were 
eliminated when females worked in single-sex groups. These findings suggest that the 
mere presence of other in-group members (i.e., females) can promote women’s 
mathematical performance when they are assessed individually.  
Previous work has focused largely on the potential efficacy of single-sex 
testing environments as a practical means to bolster women’s performance against 
stereotype threat. Less work has examined the impact that gender-segregated 
classrooms may exert on attitudinal outcomes. Based on a rationale garnered from 
same-sex schooling (c.f., Halpern et al., 2011; Pahlke, Shibley-Hyde, & Allison, 
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2014), the current research investigates the notion that gender-segregated 
environments may influence a fixed-ability mindset (Dweck, 2006; 2008). When 
placed in same-sex classrooms, females may question why they have been separated 
from their male peers and attribute this to inherent sex differences (Halpern et al., 
2011; Pahlke et al., 2014). Such environmental cues may relay a message to women 
that their ability to succeed in mathematics is limited by group membership, namely 
their gender (Dweck, 2006; 2008; Good et al., 2008). Indeed, this is an important 
consideration in view of research indicating that a fixed-ability mindset may have a 
deleterious, and long-term effect on educational outcomes (Verniers & Martinot, 
2015; c.f., also Martin, 2015). Although single-sex classroom initiatives may have a 
positive effect by alleviating women’s apprehensions about confirming gender-related 
stereotypes in the eyes of out-group members (Picho & Stephens, 2012; Titze, Jansen, 
& Heil, 2011), they may also have a paradoxical effect on mindset.   
Presenting as a further issue, the majority of previous research has 
conceptualised stereotype threat as a singular construct (e.g., Aramovich, 2014; 
Inzlicht & Ben-Zeev, 2000; Huguet & Régner, 2007). However, this overlooks the 
important distinction between an individual’s personal and social identity (Tajfel & 
Turner, 1979; 1986) and, resultantly, the different impact that self and group-relevant 
stereotypes may exert on performance. The multi-threat framework (Shapiro & 
Neuberg, 2007) posits that women may experience self-as-target stereotype threat 
when they endorse negative gender-related stereotypes as a true representation of their 
personal ability. Conversely, women may experience group-as-target stereotype threat 
when they perceive that they will reinforce the negative reputation that their group 
lacks a valued ability. The existence of multiple stereotype threats is therefore a 
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noteworthy consideration, particularly when examining the efficacy of group-based 
interventions to ameliorate performance deficits.  
The first aim of the current study was to examine whether the mere presence 
of other females could ameliorate the effects of self and group-relevant stereotypes on 
women’s mathematical performance. It was predicted that female participants would 
solve fewer mathematical problems under self-as-target and group-as-target 
stereotype threat when they were tested alone relative to those in a control condition. 
In this situation, women may apprehend that they are single representatives of their 
social group, which may exacerbate situational performance pressure (c.f., Baumeister, 
1984; Huguet & Régner, 2007; Steele, 1997). It was further predicted that these 
performance decrements would be alleviated when females were tested in single-sex 
groups. At first blush, it may seem that women should be susceptible to group-as-
target stereotype threat in single-sex groups because this concerns their devalued 
group membership in the stereotyped domain. However, in line with previous 
research (Inzlicht & Ben, Zeev, 2000; Murphy et al., 2007; Sekaquaptewa & 
Thompson, 2003), the numerical representation of other females within the 
mathematics classroom should lessen concerns about representing positively the in-
group to bolster performance. Furthermore, when tested in single-sex groups, women 
may be less susceptible to self-as-target stereotype threat because they strive to 
disconfirm the negative group stereotype as being a true representation of their 
personal ability.  
The second aim of the current study was to examine the effects of stereotype 
threat and group composition on mindset. Underpinned by research on single-sex 
schooling (c.f., Halpern et al., 2011; Pahlke et al., 2014), it was predicted that female 
participants would become more cognisant of the differences between women and 
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men when they were tested in single-sex groups relative to alone. Under such 
conditions, it was predicted that they would attribute their mathematical ability to 
internal, fixed factors (i.e., fixed mindset) rather than a trait that could be shaped and 
developed (i.e., growth mindset). Moreover, given that stereotypes are fixed mindset 
labels (Blackwell, Trzesniewski, & Dweck, 2007; Dweck, 2006; 2008), it was also 
predicted that females who were primed explicitly with information regarding gender 
differences in mathematical performance would report a weaker growth mindset 
compared to those in the control condition.  
Method 
 
Participants and design 
One hundred and forty-four females (Mage = 21.60, SD = 4.67, 88.9% White British, 
83.3% university students) signed up via an online participation website and arranged 
a time to come into the lab. They received £3 remuneration for their participation. In a 
between-participants design, they were allocated randomly to one of three 
experimental conditions: 1), self-as-target stereotype threat, 2), group-as-target 
stereotype threat, and 3), a control condition. To examine the effects of in-group 
representation on performance, half of the participants in each experimental condition 
completed the study alone, whereas the other half was tested in groups of 3-5. The 
study consisted of a 3 (condition: self-as-target, group-as-target, control) x 2 (group 
composition: alone, group) between-participants design, with 24 participants assigned 
to each condition.  
Measures  
Stereotype Threat Manipulations 
We employed two distinct stereotype threat manipulations, which took the form of 
self-as-target or group-as-target primes (Shapiro & Neuberg, 2007). The self-as-target 
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manipulation was drawn from previous research and influenced participants to 
perceive that their mathematical performance would be self-characteristic of personal 
ability (e.g., Steele & Aronson, 1995). Specifically, participants in this condition were 
presented with the following information:   
 
“There is a negative stereotype that females have less mathematical aptitude 
comparative to males. You are a female and this maths exam is therefore 
diagnostic of your personal mathematical ability”. 
 
Participants assigned to the group-as-target stereotype threat condition were primed 
that their mathematical performance would be diagnostic of gender-related ability 
(e.g., Aronson et al., 1999). Specifically they received the following information:  
 
“There is a negative stereotype that females have less mathematical aptitude 
comparative to males. This maths exam is therefore diagnostic of females’ 
mathematical ability”. 
 
Both stereotype threat primes included reference to the negative gender-maths 
stereotype in line with research suggesting that this awareness is required for 
participants to be susceptible to stereotype threat (Shapiro & Neuberg, 2007). 
Participants in the control condition were informed that the experiment was 
investigating factors involved in working memory and that the mathematical test was 
non-diagnostic of ability (c.f., Steele & Davies, 2003).  
Mathematical Performance 
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In accordance with current research (Beilock & Carr, 2005; Beilock, Rydell, & 
McConnell, 2007; Rydell, Van-Loo, & Boucher, 2014) we utilised modular arithmetic 
as a measure of mathematical performance. This computerised task required 
participants to judge the validity of problems such as ‘43 = 16 (mod 3)’ by subtracting 
the middle number from the first number (e.g., 43 – 16) and then dividing it by the 
number in brackets (e.g., 27/3). Participants were required to respond ‘true’ when the 
dividend resulted in a whole number, and ‘false’ when the dividend resulted in a 
decimal number. Problem difficulty was manipulated by function of operation and 
presentational format (Lee & Kang, 2002; Trbovich & LeFevre, 2003). For example, 
problems including larger numbers and borrow operations are more difficult to solve 
as they involve a longer sequence of steps and require maintenance of more 
intermediate products in working memory (Lee & Kang, 2002). Moreover, 
horizontally presented problems are suggested to be more difficult as they appear in a 
different format to how individuals typically solve problems (Trbovich & LeFevre, 
2003). Accordingly, participants completed a total of 48 mathematical problems (16 
simple, 16 moderate, 16 difficult) that were presented in a random order and remained 
on the computer screen until a response had been recorded. Half of the problems were 
presented horizontally and half were presented vertically. Accuracy scores were 
calculated by dividing the number of problems answered correctly by the total 
number of problems, with greater scores indicating greater accuracy (Beilock et al., 
2007; Rydell, Rydell, & Boucher, 2010).  
Mind set  
Participants’ mindset was measured using a 20-item self-report questionnaire 
(McKenzie, 2013; adapted from Dweck, 2006). This questionnaire was modified to 
ensure that all questions were related to mathematical ability, rather than general 
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intelligence. Participants responded on a 4-point Likert scale anchored between 
‘Strongly Agree’ and ‘Strongly Disagree’. Questions related to a growth mindset 
included “Mathematical talent can be learned by anyone” and questions related to a 
fixed mindset included “Maths is much easier to learn if you are male”. Scores were 
totalled out of 60, with higher scores indicative of a growth-ability mindset. The 
questionnaire resulted in high internal consistency in the current study, Cronbach’s a 
= .81.  
 
Procedure 
After being assigned randomly to one of three experimental conditions, participants 
completed two self-report questions; “I am good at maths” and “It is important to me 
that I am good at maths”. Responses were recorded on a 9-point Likert scale anchored 
between 1 (Strongly Disagree) and 9 (Strongly Agree). These questions were included 
in order to control for any differences in perceived mathematical ability and domain 
identification as a function of experimental condition (c.f., Keller, 2007; Steele, 1997). 
Upon implementing the stereotype threat prime, participants completed the mindset 
questionnaire and the maths test, with the order of these measures counterbalanced. 
Participants were then introduced to the maths test with written instructions presented 
on a computer. They were instructed to judge the validity of each maths problem, 
indicating whether the answer was true (i.e., a whole number) or false (i.e., a decimal 
number) using the ‘Z’ and ‘M’ buttons on a standard keyboard, respectively. 
Participants completed the maths test on individual computers, which had screens on 
either side to ensure that participants could not observe others’ answers. Upon 
completion of the study, participants received a verbal and written debrief.  
Results 
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Perceived mathematical ability and domain identification  
A Multivariate Analysis of Variance (MANOVA) indicated that participants in the 
self-as-target stereotype threat condition reported lower perceived mathematical 
ability (M = 5.08, SD = 1.75) compared to the control condition (M = 6.04, SD = 1.49), 
F(2, 141) = 4.03, p < .05,  = .05. Moreover, participants in the self-as-target 
condition attributed less importance to the domain of mathematics (M = 5.38, SD = 
1.91) compared to the control condition (M = 6.27, SD = 1.50), F(2, 138) = 3.53, p 
= .03,  = .05. Although these responses were above average, participants’ self-
reported mathematical ability and domain identification were entered as covariates in 
all analyses to ensure that they did not influence performance. Participants in the 
group-as-target and control condition did not differ in their reports of mathematical 
ability (p = .53) and domain identification (p = 1.00). Moreover, participants 
responses to these two questions did not differ as a function of group composition 
(group vs. alone), p = .96.  
 
Mathematical Performance 
Modular arithmetic accuracy was examined in a 3 (Condition: self-as-target, group-
as-target, control) x 2 (Group composition; alone, group) x 3 (Problem difficulty; 
simple, moderate, difficult) x 2 (Problem presentation: horizontal, vertical) mixed 
factorial Analysis of Covariance (ANCOVA). Experimental condition and group 
composition were analysed as between-participants factors and problem difficulty and 
presentation were input as within-participants factors. Main effects and interactions 
were elucidated using bonferonni-corrected pairwise comparisons. 
 Problem difficulty and presentation. There was a main effect of problem 
difficulty, F(2, 272) = 19.84, p < .001,  = .13. Pairwise comparisons revealed that 
2
p
2
p
2
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participants solved fewer difficult (M = .78, SD = .17) relative to simple problems (M 
= .93, SD = .10), p < .001, d = –1.08. They also solved fewer moderate (M = .76, SD 
= .17) relative to simple problems (M = .93, SD = .10), p < .001, d = –1.22. There was 
a significant two-way interaction between problem difficulty and presentation, F(2, 
272) = 3.22, p = .04,  = .02. Participants solved fewer horizontally presented 
difficult (M = .75, SD = .19) and moderate problems (M = .72, SD = .18) compared to 
simple problems (M = .95, SD = .07), p < .001, d = – 1.40 and – 1.68, respectively. 
Participants also solved fewer vertically presented difficult (M = .82, SD = .19) and 
moderate problems (M = .80, SD = .20) compared to simple problems (M = .90, SD 
= .13), p < .001, d = – .49 and – .59, respectively.  
  
 Stereotype Threat. There was a main effect of experimental condition on 
maths performance, F(2, 136) = 4.67, p = .01,  = .06. Pairwise comparisons 
indicated that participants assigned to the self-as-target condition solved significantly 
fewer problems (M = .79, SD = .12) compared to the control condition (M = .86, SD 
= .12), p < .01, d = – .58. There was no difference in performance between the group-
as-target relative to the self-as-target stereotype threat (p = .61) and the control 
condition (p = .21). A three-way interaction was obtained between experimental 
condition, problem difficulty and presentation, F(4, 135) = 3.78, p < .01,  = .05. 
Participants in the self-as-target condition solved more difficult and moderate 
problems when they were presented horizontally (M = .72, SD = .19, M = .64, SD 
= .18) relative to vertically (M = .82, SD = .19, M = .78, SD = .21), p < .001, d = −.53 
and − .72, respectively. They solved fewer simple problems when they were presented 
vertically (M = .85, SD = .13) relative to horizontally (M = .94, SD = .08), p < .001, d 
= − .83. Participants in the group-as-target stereotype threat condition solved fewer 
2
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difficult questions when they were presented horizontally (M = .74, SD = .19) relative 
to vertically (M = .80, SD = .19) p  = .04, d = − .32. Participants in the control 
condition solved fewer difficult and moderate problems when they were presented 
horizontally (M = .79, SD = .19, M = .78, SD = .18) relative to vertically (M = .84, SD 
= .19, M = .85, SD = .21), p < .03, d = − .26 and − .36. They solved fewer simple 
problems when they were presented vertically (M = .93, SD = .13) relative to 
horizontally (M = 1.0, SD = .08), p < .001, d = − .74. Participants under self-as-target 
condition solved fewer horizontally presented moderate problems (M = .64, SD = .18) 
compared to females in the group-as-target (M = .73, SD = .18), p = .03, d = – .50, 
and control conditions (M = .78, SD = .18), p = .001, d  = – .78. Participants in the 
self-as-target condition solved fewer horizontally presented simple problems (M = .94, 
SD = .08) compared to females in the control condition (M = 1.0, SD = .08), p < .001, 
d = –. 75). They also solved fewer vertically presented simple problems (M = .85, SD 
= .13) compared to females in the group-as-target (M = .94, SD = .13), p < .01, d = –
 .69, and control conditions (M = .93, SD = .13), p = .01, d = – .62. Participants under 
group-as-target stereotype threat solved fewer horizontally presented simple problems 
(M = .93, SD  = .08) compared to the control condition (M = 1.0, SD = .08), p < .001, 
d = – .87. Accuracy scores for participants in the group-as-target condition did not 
differ from the control condition on all other problems, p > .05. All other pairwise 
comparisons were non-significant, p > .05. These results suggest that females solved 
fewer horizontally presented simple problems under group-as-target stereotype threat 
compared to those in the control condition. Moreover, self-as-target stereotype threat 
had a greater effect on mathematical performance than group-as-target stereotype 
threat; with females in this condition underperforming on both horizontally and 
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vertically presented simple problems, and horizontally presented moderate problems. 
See Figure 1 for interaction. 
 
[INSERT FIGURE 1 HERE] 
 
 Group Composition. Of central importance to the aim of the current study, 
there was a main effect of group composition, F(1, 136) = 3.96, p = .049,  = .03. 
Pairwise comparisons indicated that participants solved fewer maths problems when 
they were tested alone (M = .81, SD = .12) relative to in single-sex groups (M = .84, 
SD = .12), p = .049, d = – .25. This was qualified by a significant three-way 
interaction between experimental condition, group composition and problem 
presentation, F(2, 136) = 3.58, p = .03,  = .05. When tested alone, participants who 
were primed with a self-as-target stereotype threat solved fewer horizontally 
presented problems (M = .73, SD = .11) relative to participants in the control 
condition (M = .86, SD = .11), p < .001, d = – 1.18. Participants who were tested 
alone under group-as-target stereotype solved fewer horizontally presented problems 
(M = .77, SD = .11) compared to the control condition (M = .86, SD = .11), p = .02, d 
= – .82. Accuracy did not differ for vertically oriented problems, p > .05. Importantly, 
there were no performance decrements as a function of experimental condition when 
females were tested in groups, p > .05. These results suggest that the mere presence of 
other females bolstered participants’ mathematical performance from the effects of 
self-as-target and group-as-target stereotype threat. 
Further confirming this, females primed with a self-as-target stereotype solved 
fewer horizontally presented problems when they were tested alone (M = .73, SD 
= .11) compared to when they were tested in groups (M = .80, SD = .11), p = .01, d = 
2
p
2
p
15 
REDUCING STEREOTYPE THREAT EFFECTS 
– .64. They also solved fewer vertically presented problems when tested alone (M 
= .77, SD = .14) relative to in a group (M = .85, SD = .14), p = .046, d = – .57. There 
was also a trend for participants primed with a group-as-target stereotype threat to 
underperform on horizontally presented problems when tested alone (M = .77, SD 
= .11) compared to when they were tested in a group (M = .83, SD = .11), p = .058, d 
= – .55. Females performance in the control condition did not differ as a function of 
group composition, p > .05. When tested alone, females assigned to the self-as-target 
condition solved fewer horizontally presented problems (M = .73, SD = .11) relative 
to vertically presented problems (M = .77, SD = .14), p = .02, d = – .32. They also 
solved fewer horizontally presented problems (M = .80, SD = .11) compared to 
vertically presented problems when they were tested in a group (M = .85, SD = .14), p 
= .01, d = – .40. Females under group-as-target threat solved fewer horizontally 
presented problems (M = .77, SD = .11) compared to vertically presented problems 
(M = .84, SD = .14) when tested alone (p < .001, d = – .56) but not when they were 
tested in groups (p = .83). Females in the control condition solved horizontally and 
vertically presented problems with equivalent accuracy when tested alone and in a 
group, p > .05. Overall, these results suggest that women were susceptible to 
stereotype threat when they are tested individually, however, single-sex testing 
environments alleviated these performance deficits. See Figure 2 for interaction 
between experimental condition, group composition and problem presentation. See 
Table 1 for descriptive statistics.  
 
[INSERT FIGURE 2 HERE] 
[INSERT TABLE 1 HERE] 
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Mindset  
Females’ self-reported mindset did not differ dependent on whether they completed 
the questionnaire before or after the maths test (p > .05), indicating an absence of 
order effects. There was a significant main effect of mind-set as a function of 
experimental condition, F(2, 138) = 4.45, p = .01,  = .06. Participants assigned to 
the self-as-target stereotype threat condition (M = 38.58, SD = 6.07) reported a 
weaker growth mind-set compared to the control condition (M = 41.35, SD = 6.03), p 
= .04, d = – .46. Participants in the group-as-target stereotype threat condition (M = 
38.46, SD = 4.45) also reported a weaker growth mind-set compared to the control 
condition, p = .03, d = – .55. There was a main effect of group composition, F(1, 138) 
= 13.04, p < .001,  = .09. Participants who completed the test in groups reported a 
weaker growth mind-set (M = 37.85, SD = 5.32) compared to those who completed 
the test alone (M = 41.08, SD = 5.62), p < .001, d = – .59. There was no interaction 
between stereotype threat and group composition, p = .31. These results suggest that 
negative gender-maths stereotypes, pertaining to women’s personal or social identity, 
may hamper a growth-ability mindset. Furthermore, testing females in same-sex 
groups did not appear to have a positive effect on mindset.  
 
Mediation Analysis 
Mediation analysis was conducted using ordinary least squares path analysis (Hayes, 
2013). Here we examined the influence that the single-sex testing environment 
exerted on mindset and mathematical performance. Results indicated that group 
composition indirectly influenced mathematical performance through its effect on 
mindset. Specifically, group composition negatively influenced mindset (a = − 3.24) 
but positively predicted maths performance (b = .19). A bias-corrected bootstrap 
2
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confidence interval for the indirect effect (ab = − .63) did not include zero (LLCI, = − 
1.48, ULCI = − .10). However, there was still evidence that being tested in a group 
influenced mathematical performance independent of its effect on mindset (c’ = 2.36), 
p = .03. This provides evidence of partial inconsistent mediation (MacKinnon, Krull, 
& Lockwood, 2000; MacKinnon, Fairchild, & Fritz, 2007), with mindset acting as a 
suppressor variable (Tzelgov & Henik, 1991; MacKinnon et al., 2000). See Figure 3 
for full mediator model.  
[INSERT FIGURE 3 HERE] 
Discussion 
The current study evaluated the efficacy of single-sex testing environments as a 
practical means to eliminate stereotype threat effects. Moreover, it examined whether 
testing women in single-sex groups or under stereotype threat influenced them to 
perceive that their ability was a fixed trait. Results indicate that female participants 
underperformed when they were tested alone and were primed with a self or group-
relevant stereotype. However, these performance decrements did not emerge when 
they were tested in single-sex groups. These findings suggest that in-group members 
may function as “social vaccines” who increase social belonging and inoculate fellow 
group members’ performance against the experience of stereotype threat (Dasgupta, 
2011). Nevertheless, participants reported a weaker growth mindset when they were 
tested in groups relative to alone and under stereotype threat. As such, single-sex 
testing environments may reduce group members’ concerns about confirming a 
negative stereotype to bolster women’s mathematical performance but may have a 
paradoxical effect on mindset. 
 Female participants were susceptible to group-as-target stereotype threat when 
they were tested alone in comparison to those in a control condition. In this situation, 
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women find themselves as single representatives of their social group, which may 
heighten the salience of negative stereotypes that accompany their group status. Being 
a minority member may result in added pressure because women apprehend that 
performance will confirm, and thereby reinforce, pejorative stereotypes as a true 
representation of their in-group (Huguet & Régner, 2007; Inzlicht & Ben-Zeev, 2000). 
Findings also reveal that self-as-target stereotype threat had a greater negative effect 
than group-as-target stereotype threat. Participants may have been more vulnerable to 
self-as-target stereotype threat when they were tested alone because they perceived 
that performance would be evaluated in line with their personal ability. As such, the 
salience of a negative self-relevant stereotype may have interacted with the 
experience of being alone in the testing environment to attract a disproportionate 
amount of attention to one’s personal identity.  
 Findings indicate further that women’s mathematical performance was 
protected from the effects of self-as-target and group-as-target stereotype threat when 
they were tested in same-sex groups. This finding may be explained by distinctiveness 
theory (Abrams, Thomas, & Hogg, 1990; Cota & Dion, 1986), which posits that 
group saliency increases relative to the number of out-group members in a particular 
setting (McGuire, McGuire, & Winton, 1979). Resultantly, the mere presence of other 
in-group members may have decreased women’s apprehensions about representing 
the group positively to bolster performance (Inzlicht & Ben-Zeev, 2000; 2003; 
Sekaquaptewa & Thompson, 2003). This finding may have practical implications in 
relation to gender-segregated learning environments. For example, research suggests 
that women may feel marginalised in mathematics classrooms when men outnumber 
them, with this influencing underperformance (Inzlicht & Ben-Zeev, 2000; Huguet & 
Régner, 2007; Sekaquaptewa & Thompson, 2003). As such, increasing the number of 
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women in counter-stereotypical domains, to create a critical mass, may present as a 
strategy to alleviate experiences of stereotype threat and encourage more women into 
maths-intensive fields.   
 Despite the positive impact that in-group representation had on performance, 
women who were tested in single-sex groups reported a weaker growth mindset 
compared to those who were tested alone. Evidence of inconsistent mediation 
revealed that being in a group negatively predicted mindset but positively predicted 
mathematical performance. When tested in single-sex groups, females may have 
become aware that they had been segregated from their male peers, and attributed this 
to alleged gender differences in mathematical ability (c.f., Halpern et al., 2011; Pahlke 
et al., 2014). This may have led females to believe that gender is a fundamental 
characteristic of ability, thus weakening a growth-ability mindset. Participants also 
reported a weaker growth mindset when they were primed with a self-as-target and 
group-as-target stereotype relative to participants in the control condition. This is 
consistent with research suggesting that negative gender-maths stereotypes may 
influence women to believe that their mathematical ability is limited because of their 
group membership (Dweck, 2008; Dar-Nimrod & Heine, 2006; Good, Aronson, & 
Inzlicht, 2003).  
Limitations and Implications 
A number of limitations should be borne in mind when interpreting the results of the 
current study. First, the study did not employ a fully matched design in that females’ 
mathematical performance was not compared to that of males within single and 
mixed-sex testing environments. The rationale to only recruit female participants was 
underpinned by research which has suggested consistently that women’s 
mathematical ability is hampered in the presence of men (e.g., Inzlicht & Ben-Zeev, 
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2000; 2003; Murphy et al., 2007; Sekaquaptewa & Thompson, 2003), and by findings 
indicating that men are less susceptible to stereotype threat in the maths domain 
(Rydell et al., 2014).  
 Participants were recruited with a wide range of demographic characteristics 
to ensure that the sample was not limited to university students, and sensitivity 
analyses indicated that maths scores and mindset did not differ as a function of 
participants’ ethnicity or student status. However, it is viable to question whether 
these women encounter numerical asymmetry in terms of gender within their daily 
environment (e.g., educational discipline or workplace), and whether this may 
moderate stereotype threat effects. For example, women who are frequently 
outnumbered by men may be more susceptible to stereotype threat because they are 
conscious of their minority status in the activities they pursue (c.f., Inzlicht & Ben-
Zeev, 2000). In a similar vein, participants signed up to the study via an online 
website, whereby they read a brief description of studies taking place and arranged a 
time to come into the laboratory. This purposeful sampling method may be considered 
a limitation because participants who were knowledgeable about negative gender-
maths stereotypes, or experience mathematics anxiety may have decided not to take 
part in the research.   
 The findings of the current study indicate that participants in the group-as-
target and self-as-target stereotype conditions solved fewer simple and moderate 
problems relative to participants in the control condition. This contrasts with research 
indicating that stereotype threat effects are more pronounced with difficult questions 
(Keller, 2007). Within-participant analyses indicated that across all experimental 
conditions participants solved fewer difficult problems relative to moderate and 
simple problems. Resultantly, participants in the control condition may have also 
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found these problems difficult, with this diminishing any potential differences 
between experimental conditions. This may particularly be the case given that a novel 
laboratory task was employed to ensure that participants were not familiar with the 
format of the test (c.f., Beilock & Carr, 2005). Future research that examines 
stereotype threat effects as a function of problem type and difficulty, and utilises more 
ecologically valid tests, such as the General Certificate in Secondary Education 
(GCSE), is therefore recommended.   
 The current study may point to the possible mechanisms that underpin 
stereotype threat effects. Specifically, results reveal that performance decrements 
under stereotype threat were greatest for horizontally presented problems compared to 
vertically presented problems. This may reflect the difficulty of such questions as they 
appear in a different format to how individuals typically solve mathematical problems 
using pencil and paper (Trbovich & LeFevre, 2003). Moreover, research suggests that 
these types of questions rely more heavily on verbal working memory resources; a 
mechanism that has been implicated to underpin the effects of stereotype threat on 
women’s mathematical performance (Beilock et al., 2007; Rydell et al., 2014). As 
such, negative societal stereotypes may influence intrusive performance-related 
thoughts that tax the verbal working memory resources required to solve 
mathematical problems.  
 Results reveal that mindset partially mediated the effects of in-group 
representation on women’s mathematical performance. However, given that partial 
mediation was found, this suggests that additional (unmeasured) variables may 
explain further the relationship between single-sex testing environments and 
performance. For example, previous research suggests that single-sex testing 
environments may mitigate stereotype threat by decreasing anxiety (Ben-Zeev, Fein, 
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& Inzlicht, 2005). Additional research would therefore benefit from exploring 
explanations for the potential efficacy of single-sex testing environments in the 
elimination of stereotype threat, with researchers acknowledging both the advantages 
and limitations of implementing such strategies. 
   
Conclusion 
The current research indicates that the salience of a negative self or group-relevant 
stereotype can have a deleterious impact on women’s mathematical performance, with 
these effects emerging after controlling for participants’ perceived mathematical 
ability and domain identification. However, these performance deficits were reduced 
when women were tested in same-sex groups. These findings suggest that heightened 
in-group representation may bolster women’s performance in counter-stereotypical 
domains. This finding may be particularly noteworthy when considering research 
which suggests that poor numerical representation may be a key determinant in 
women’s decisions to avoid or leave math-intensive fields, even for those who are 
highly skilled and domain identified (Murphy et al., 2007). However, findings also 
reveal that females reported a weaker growth mindset when they were tested in 
single-sex groups. Whilst this underscores the importance of examining the potential 
efficacy of gender-segregated learning environments on both attitudinal and 
behavioural outcomes, it may lead one to question the best strategy to reduce 
stereotype threat effects. One approach could be to teach females in single-sex 
classrooms and encourage them to view mathematical ability as a malleable rather 
than fixed capacity (Aronson, Fried, & Good, 2002; Dweck, 2015; Good et al., 2003; 
2008; Spitzer & Aronson, 2015). Explaining to students that they have not been 
separated from males based upon their ability but rather to foster their learning may 
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have a positive effect on achievement, motivation and engagement (Dweck, 2008; 
Elliot & Dweck, 2005). Nevertheless, research also suggests that gender-segregated 
educational environments may come at the cost of long-term socialisation processes, 
particularly when females are re-integrated with males within further education and 
the workplace (Halpern et al., 2011). An alternative strategy may therefore lie within 
tackling negative gender-related stereotypes within co-educational classrooms. This 
could be achieved by teaching students about the pervasive effects of stereotype threat 
and the direct influence it can exert on performance (c.f., Johns, Schmader, & 
Martens, 2005). Given that stereotypes about ability are fixed mindset beliefs 
(Blackwell et al., 2007; Dweck, 2006; 2008) this strategy, in itself, may encourage 
students to adopt a growth mindset and increase women’s participation and 
performance in mathematics domains.  
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Figure 1. Three-way interaction between experimental condition, problem demand 
and presentation.  
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Figure 2. Three-way interaction between experimental condition, group composition 
and problem presentation. 
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Figure 3. Mediation model indicating that mindset partially mediated the effects of 
group composition on women’s total mathematical performance. Note: * p < .05,** p 
< .001 
 
 
 
 
 
Group vs Solo Maths Performance 
Mindset  
b = -3.24**  b = .19* 
 Total effect c; b = 1.74, ns 
a b 
 Direct effect c’; b = 2.36* 
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Table 1. Descriptive statistics for participants’ mathematics arithmetic accuracy scores as a function of experimental condition and problem 
presentation.  
 
 
 
 Self-as-target Group-as-target  
 
Control  
 Solo Group Solo Group Solo Group 
Horizontal .73 (.11) 
 
 
.80 (.11) .77 (.11) .83 (.11) .86 (.11) .85 (.11) 
Vertical .77 (.14) .85 (.14) .84 (.14) .84 (.14) .86 (.14) .89 (.14) 
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